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Abstract 

Background: Numerous clinical trials to improve the success rate of biliary access in difficult biliary cannulation 
(DBC) during ERCP have been reported. However, standard guidelines or sequential protocol analysis according to 
different methods are limited in place. We planned to investigate a sequential protocol to facilitate selective biliary 
access for DBC during ERCP. 

Methods: This prospective clinical study enrolled 71 1 patients with naive papillae at a tertiary referral center. If 
wire-guided cannulation was deemed to have failed due to the DBC criteria, then according to the cannulation 
algorithm early precut fistulotomy (EPF; cannulation time > 5 min, papillary contacts > 5 times, or hook-nose-shaped 
papilla), double-guidewire cannulation (DGC; unintentional pancreatic duct cannulation > 3 times), and precut after 
placement of a pancreatic stent (PPS; if DGC was difficult or failed) were performed sequentially. The main outcome 
measurements were the technical success, procedure outcomes, and complications. 

Results: Initially, a total of 140 (19.7%) patients with DBC underwent EPF (n = 71) and DGC (n = 69). Then, in DGC 
group 36 patients switched to PPS due to difficulty criteria. The successful biliary cannulation rate was 97.1% 
(136/140; 94.4% [67/71] with EPF, 47.8% [33/69] with DGC, and 100% [36/36] with PPS; P < 0.001). The mean 
successful cannulation time (standard deviation) was 559.4 (412.8) seconds in EPF, 314.8 (65.2) seconds in DGC, and 
706.0 (469.4) seconds in PPS (P < 0.05). The DGC group had a relatively low successful cannulation rate (47.8%) but 
had a shorter cannulation time compared to the other groups due to early switching to the PPS method in difficult 
or failed DGC. Post-ERCP pancreatitis developed in 14 (10%) patients (9 mild, 1 moderate), which did not differ 
significantly among the groups (P = 0.870) or compared with the conventional group (P = 0.125). 

Conclusions: Based on the sequential protocol analysis, EPF, DGC, and PPS may be safe and feasible for DBC. The 
use of EPF in selected DBC criteria, DGC in unintentional pancreatic duct cannulations, and PPS in failed or difficult 
DGC may facilitate successful biliary cannulation. 
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Background 

Despite the various endoscopic techniques available to 
facilitate selective biliary access, selective biliary cannula- 
tion may be incomplete in 5-10% of patients, even in 
experienced hands [1,2]. Difficulty in cannulating the bil- 
iary ductal system leads to prolonged papillary manipula- 
tion, which results not only in pancreatic duct outlet 
obstruction due to mechanical trauma and edema but also 
chemical injury due to inadvertent contrast injection into 
the pancreatic duct. Thus, repeated and prolonged at- 
tempts at cannulation may increase the risk of post-ERCP 
pancreatitis (PEP) [3]. Therefore, various techniques- 
such as double guidewire-induced cannulation, precut 
papillotomy, or transpancreatic sphincterotomy with or 
without placement of a pancreatic stent— have been used 
to improve cannulation success rates and have shown 
good clinical results [1,2,4-8]. 

Recently, Testoni et al [1] suggested an algorithm for 
biliary cannulation during ERCP based on previous re- 
ports. However, a standardized study or protocol analysis 
has not yet been performed using a sequential method. 
Step-wise methods may be needed to facilitate selective 
biliary access without increasing the occurrence of com- 
plications such as PEP, and verification of the protocol is 
also required. Use of a step-wise sequential protocol dur- 
ing difficult biliary cannulation (DBC) may reduce suc- 
cessful cannulation time and inadequate procedure time, 
so that unexpected complications such as PEP decrease. 
Additionally, a sequential algorithm may introduce practical 
guidelines to those who are inexperienced with ERCP. 

This prospective study was designed to evaluate a se- 
quential cannulation protocol to facilitate selective biliary 
access for DBC. The algorithm was based on the sequen- 
tial performance of an early precut fistulotomy (EPF), 
double-guidewire cannulation (DGC) technique, and pre- 
cut after placement of a pancreatic stent (PPS) in failed 
wire-guided cannulation due to DBC during ERCP. 

Methods 

Study design and patient population 

This was a prospective clinical study conducted in a ter- 
tiary referral center. A total of 711 consecutive patients 
with naive papillae were enrolled from September 2010 to 
August 2012. Patients who satisfied the following inclu- 
sion criteria were enrolled: those with naive papilla who 
underwent ERCP for biliary endotherapy, age > 18 years, 
and agreement to participate in the study. Exclusion cri- 
teria were: age < 18 years, successful deep biliary cannula- 
tion within 5 min, surgically altered anatomy (Billroth II 
gastrectomy or Roux-en-Y anastomosis), an indwelling 
biliary stent, prior biliary or pancreatic sphincterotomy, 
uncontrolled coagulopathy, and refusal to agree to the 
study protocol. All patients underwent abdominal ultra- 
sonography, computed tomography, magnetic resonance 



cholangiopancreatography or endoscopic ultrasonography 
prior to ERCP. The Institutional Review Board at the 
Soonchunhyang University Hospital approved this proto- 
col, and all participants provided informed consent. 

Definitions 

Difficult biliary cannulation was defined as failure to 
achieve selective biliary access by wire-guided cannula- 
tion despite 5 min of attempted cannulation (cannulation 
time > 5 min), papillary contacts > 5 times, attempted un- 
intentional pancreatic duct cannulation > 3 times, or 
hook-nose-shaped papilla (difficult type of cannulation) 
[6]. Meaningful papillary contact was defined as sustained 
contact for cannulation between the guidewire-preloaded 
papillotome and the ampulla of Vater for at least 3-5 
seconds of manipulation [6,8,9]. The configuration of a 
hook-nose-shaped papilla, which is a difficult type to 
cannulate conventionally, was based on a previous re- 
port; papilla shapes were classified into one of four cat- 
egories: the non-prominent type, wherein the major 
papilla lacked a marked oral protrusion; the prominent 
type, with marked oral protrusion of the major papilla; 
the bulging or hook-nose type, with marked swelling of 
the oral protrusion; and the distorted type, with an un- 
classified unusual shape and position [6]. The frequency 
of papillary contact or unintentional pancreatic duct 
cannulation was measured by skilled assistant nurses. 
The procedural time for cannulation was calculated as 
the interval between the duodenal intubation and initi- 
ation of precut or other procedures, whereas the precut 
procedure time was the interval between initiation of 
precut and either successful biliary cannulation or termin- 
ation of the procedure on the video monitoring system. 
The serum amylase level was measured before ERCP and 
24 h after. All complications were classified and graded ac- 
cording to consensus guidelines [10]. PEP was defined as 
follows; new or worsened abdominal pain with elevation 
of serum amylase at least three times above the upper nor- 
mal limits for 24 hours after a procedure that requires at 
least 2-3 days (mild), 4-10 days (moderate), and more 
than 10 days (severe) of hospitalization. Hemorrhage was 
considered clinically significant only if there was clinical 
(not just endoscopic) evidence of bleeding, such as melena 
or hematemesis, with an associated decrease of at least 2 g 
per deciliter in the hemoglobin concentration, or the 
need for a blood transfusion. Perforation included retro- 
peritoneal or bowel wall perforation documented by any 
radiographic images. 

Sequential endoscopic procedures 

All patients underwent ERCP using a standard duodeno- 
scope (TJF 240 or 260 V; Olympus Optical Co., Ltd., 
Tokyo, Japan) following an overnight fast. Patients were 
placed in the prone or lateral position after being sedated 
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with intravenous midazolam (0.05 mg/kg), fentanyl 
(25-50 (ig), and/or propofol (0.5 mg/kg). Prophylactic 
antibiotics and analgesics were permitted. 

(1) Wire-guided cannulation technique 

Selective cannulation of the common bile duct (CBD) 
was attempted initially using a standard wire-guided 
cannulation technique. The papillotome was oriented 
from the 11 to the 12 o'clock positions on the ampulla 
of Vater and bowed to align it correctly with the bile 
duct axis. Following minimal insertion of a pull-type 
papillotome into the papilla, a 0.035 -inch guidewire 
(Hydra Jagwire; Boston Scientific or Tracer Metro; Cook 
Medical, Winston Salem, NC, USA) was advanced care- 
fully through the CBD under fluoroscopy until it was ob- 
served to enter the bile duct. Contrast injection was not 
attempted routinely before selective placement of the 
guidewire in the CBD. 

(2) Early precut fistulotomy (EPF) 

When wire-guided cannulation failed based on the DBC 
criteria, including cannulation failure within 5 min of 
attempted cannulation (cannulation time > 5 min), pap- 
illary contact > 5 times, or a hook-nose-shaped papilla, a 
precut fistulotomy (infundibulotomy) using a needle-knife 
(Microtome; Boston Scientific, Microvasive, Marlboro, 
MA, USA) was performed as an rescue method. EPF 
was initiated over the bulging portion of the papillary 
roof, extended upwards or downwards, and stopped 
short of the papillary orifice to avoid the risk of duo- 
denal perforation or injury to the pancreatic sphincter. 
The bile duct was probed using a guidewire-preloaded 
needle-knife after making an incision into the intraduo- 
denal segment of the CBD. A precut fistulotomy was 
performed with a blended electrosurgical current (UES- 
30 generator; Olympus). 

(3) Double-guidewire cannulation (DGC) technique 

If unintentional pancreatic duct cannulation occurred 
more than 3 times during the initial attempts at wire- 
guided cannulation, DGC was attempted. We used a 
papillotome pre-inserted with a 0.035-inch guidewire to 
facilitate biliary cannulation for DGC. The first guide- 
wire was inserted into the pancreatic duct to at least 
half of the presumed total length of the pancreatic duct 
under fluoroscopy. No contrast was injected into the 
pancreatic duct for the purpose of diagnosis. The papil- 
lotome was reinserted along the first guidewire after be- 
ing reloaded with the second guidewire. The direction 
of the CBD was towards the 10-11 o'clock position. 
After successful biliary cannulation was achieved, a bil- 
iary sphincterotomy over the guidewire was performed 
and the guidewire was removed from the pancreatic 
duct without pancreatic stenting. 



(4) Precut after placement of a pancreatic stent (PPS) 

If the sum of papillary contact and unintentional pancre- 
atic duct cannulation exceeded 5 times despite ongoing 
DGC, PPS was performed. After placement of the pancre- 
atic stent (single 6 or 8 cm-long 5 F pigtail-type, Zimmon; 
Cook Endoscopy), a cut was made from the orifice of 
the ampulla of Vater adjacent to the pancreatic stent. 
Following this, the selective wire-guided cannula method 
was used for selective biliary access in the same manner. 
If the pancreatic stent had not migrated spontaneously 
within 1 week, it was removed endoscopically. 

All endoscopic procedures were recorded with a video 
recording system, and the outcomes were analyzed. All 
FRCP procedures were performed by a single experienced 
endoscopist (L.T.H., a workload of 400 FRCPs annually 
with experience of more than 150 cases of precut). Guide- 
wire manipulation and other endoscopic procedures such 
as cannulation attempts and time were controlled and 
measured by skilled assistants with at least 2 years of 
training (P.S.J., L.J.H., and K.A.R.). 

Summary of the algorithm 

Sequential FPF, DGC, and PPS were performed according 
to the algorithm (Figure 1). The initial cannulation was 
attempted using the wire-guided cannulation method. 
Then, EPF was performed first if primary wire-guided 
cannulation failed based on the following criteria: papilla 
contact > 5, cannulation time > 5 min, or a hook-nose- 
shaped papilla. Next, DGC was attempted if unintentional 
pancreatic duct cannulation occurred more than 3 times. 
Third, PPS was attempted if the sum of papilla contact 
and unintentional pancreatic duct cannulation exceeded 
five times during the trial of DGC. If selective biliary 
cannulation failed even after the above procedures, we 
performed a second FRCP after 2 days or subsequent 
percutaneous transhepatic biliary drainage (PTBD) de- 
pending on the patient s condition, such as sepsis or severe 
cholangitis. 

Statistical analysis 

The mean, standard deviation (SD), and range were used 
to summarize the data for continuous variables, and per- 
centages were used for categorical variables. Fisher s exact 
test or j^-test was used to identify associations between 
categorical variables. Statistical significance between 
the groups was tested by one-way analysis of variance. 
A P-value < 0.05 was considered to indicate statistical 
significance. The statistical analysis was carried out 
using SPSS ver. 14.0 (SPSS, Chicago, IL, USA). 

Results 

A total of 711 patients with naive papilla underwent 
therapeutic FRCP. The DBC rate among these patients 
was 19.6% (140/711). In total, 140 patients with DBC 
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Tllpatients (naive papilla) 
\Vire-guided cannulation method 



Difficult biliary cannulation (n=140) 



Difficulty criteria: 
Papilla contact >5 (n=13) 
Cannulation time >5 min (n=37) 
Hooknose shape (n=21) 



Unintentional pancreatic duct 
cannulation > 3 (n=69) 



r 



Double guidovire cannulation 
I ~ 



Early precut fistulotomy (n=71) 
: primary success (n=63) 



Failure (n=36) 
(if sum of papilla contacts and/or 
unintentional pancreatic duct 
cannulation > 5) 



1 



Primary success (n=33) 



I 




Precut after placement of 
pancreatic stent (n=36) 

: primary success (n=30) 



Primary failure (n=14) 

X 



Final success by delayed FRCP 
(n=10) and PTBD (n=4) 



Figure 1 Algorithm of presented study. Algorithm for selective biliary access in difficult biliary cannulation during ERCP. 



underwent sequential EPF, DGC, and PPS according to 
the algorithm (Figure 1). The baseline patient demo- 
graphics and clinical indications for the procedure at the 
time of inclusion are listed in Table 1. The average age 
(standard deviation [SD]) was 65.6 (13.9) years, and 70 
patients were male. The most common indication for 
therapeutic ERCP was choledocholithiasis, which occurred 
in 47.8% (67/140) of the patients. EPF was performed in 
71 (50.7%) patients. Initially, DGC was attempted in 69 
(59.3%) patients, and then 36 (25.7%) of the patients in 
whom DGC failed subsequently underwent PPS. No 
significant difference in baseline characteristics was 
found, with the exception of age (Table 2). 

Procedure outcomes 

The mean procedural time (SD) for successful biliary 
access was 559.7 (403.6) seconds in the enrolled patients 
with DBC. The selective successful biliary cannulation 
time was shorter in the DGC group than in the other 
groups (314.8 ± 65.2 seconds in DGC, 559.4 ± 412.8 sec- 
onds in EPF, and 706.0 ± 469.4 seconds in PPS; P< 
0.05). No significant difference in successful cannula- 
tion time between EPF and PPS was found {P = 0.127) 
(Table 2). The success rate of selective biliary cannula- 
tion was 90% (126/140) for the first attempt (EPF, 
88.7%; DGC, 47.8%; PPS, 83.3%). The first attempted 
successful DGC rate was relatively low (47.8%; 33/69), 
but involved a relatively short cannulation time as dif- 
ficult DGC was early switched to the PPS method. 



according to the algorithm in difficult DGC. Second at- 
tempts performed 2 days later were successful in 10 
(83.3%) of 12 patients. The overall successful cannula- 
tion rate was 97.1% (136/140; EPF, 94.4%; DGC, 47.8%; 
PPS, 100%; P< 0.001). Technical failure occurred in 
only 2.8% (4/140), all of which were in the EPF group 
(Table 3). These four patients had severe strictures of 
the bile duct due to metastatic malignancy (n = 1), am- 
pulla of Vater cancer (n = 1), or pancreas head cancer 
(n = 2). A second attempt was successful in four of six 
in the EPF group. Two patients underwent PTBD due 
to cholangitis and sepsis after the first attempt, and the 
other two patients underwent PTBD following failure 
of the second attempt. 

Procedure-related complications 

Post-ERCP pancreatitis developed in 14 patients (10%), 
and minor bleeding occurred in four (2.8%). PEP was 
mild except one moderate case of pancreatitis, and no 
significant differences among the three groups were 
found {P = 0.870). There was no significant difference in 
the PEP rate between the DBC and remaining conven- 
tional group, which was collected during the same 
study period (10% V5. 6.3%, 36/571; P = 0.125). In the 
multivariate analysis, female gender was a risk factor 
for PEP (odds ratio, 4.16; 95% confidence interval, 
1.108-15.645, P = 0.035) (Table 4). All complications 
including bleeding were managed conservatively with- 
out mortality. 
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Discussion 

Testoni et al [1] suggested an algorithm to facilitate biliary 
access for DBC during ERCP based on reported studies. 
However, large-scale follow-up study or protocol ana- 
lysis of the standardized algorithm may be limited in 
place. Difficulty in selective biliary cannulation leads to 
prolonged papillary manipulation and procedure times 
that may increase procedure-related complications, par- 
ticularly PEP. In these cases, various biliary cannulation 
techniques— such as precut, DGC technique, or trans- 
pancreatic sphincterotomy with or without placement 
of a pancreatic stent— have been reported [1,11]. 

In this study, we planned to evaluate the efficacy of a 
step-wise sequential cannulation protocol for DBC. Initially, 
we attempted the wire-guided cannulation method to fa- 
cilitate biliary access and reduce PEP, based on previous 
reports [12-14]. Among procedure-related factors, select- 
ive cannulation of the CBD by inserting a guidewire might 
lead to fewer complications than conventional methods 
that use contrast injection to access the bile duct, although 
the results of studies on the usefulness of wire-guided can- 
nulation are conflicting [13-15]. However, with the DBC 
criteria, despite wire-guided cannulation, we attempted 
the precut fistulotomy technique relatively early, except 
for cases of unintentional pancreatic duct cannulation. A 
study of precuts in DBC reported that endoscopist experi- 
ence with the precut procedure was important, particu- 
larly in experienced hands, no increasing the number of 
complications [6,7,16-18]. We used stricter DBC criteria 
to prevent frequent papillary contacts causing PEP (5-min 
cannulation time and 5 attempts at papillary contact) com- 
pared with a study which defined DBC as failure to achieve 
biliary access despite 10 min of attempted cannulation or 
more than 5 attempted unintentional pancreatic duct can- 
nulations [6,19]. Of the DBC criteria, unintentional 



Table 2 Baseline outcomes and cannulation time in each 


groups 










EPF 


DGC 


PPS 


Total 


P value 


No. (%) 


71 (50.7) 


33 (23.6) 


36 (25.7) 


140 




Age, mean (SD) 


65.6 (14.3) 


61.1 (15.4) 


69.6 (12.8) 




0.048 


Sex (M/F) 


37/34 


14/19 


19/17 




0.608 


PAD (Type l/ll/lll) 


1 1 (2/9/0) 


4 (0/4/0) 


11 (0/10/1) 




0.146 


Papillary contact mean (SD) 


3.6 (2.99) 


5.4 (1.39) 


4.6 (0.76) 




0.001 


Unintentional pancreatic duct cannulation. 


16 


33 


36 






Frequency, mean (SD) 


1.19 (0.4) 


3.36 (1.05) 


5.94 (0.33) 


40 (1.94) 


<0.01 


Pancreatic contrast injection 


2 


1 


2 




0.757 


Procedure timex, sec (SD) 












Initial cannulation time 


262.3 (109.2) 




253.6 (35.5) 


259.4 (91.1) 


0.644 


Precut time 


339.8 (342.4) 




452.3 (469.1) 


377.7 (391.1) 


0.161 


Total cannulation time 


559.4 (412.8) 


314.8 (65.2) 


706.0 (469.4) 


559.7 (403.6) 


< 0.05 



SD standard deviation, PAD periampullary diverticulum, EPF early precut fistulotomy, DGC double-guidewire cannulation, PPS precut after placement of a 
pancreatic stent. 



Table 1 Patients characteristics 

No. 140 

65.61 (13.93) 



Age, mean (SD) 
Sex (M/F) 



70/70 



Indications 
CBD stones 

Acute cholecystitis 67 (47.8) 

Malignancy 20(14.2) 

Cholangiocarcinoma 

Pancreas cancer 

Ampullary malignancy 

Metastatic cancer 

CBD dilatation 20 (14.2) 

Bile leak 10(7.1) 
Chronic pancreatitis 6 (4.2) 

Choledochal cyst 2 (1.4) 

Gallstone pancreatitis 3 (2.1) 

Parasite 1 (0.7) 

Sphincter of Oddi dysfunction 3 (2.1) 

4 (2.8) 
1 (0.7) 
1 (0.7) 
2(1.4) 

SD standard deviation, CBD common bile duct. 
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Table 3 Technical success and complications 





EPF 


DGC 


PPS 


Total 


P value 


No. (%) 


71 (50.7) 


33 (23.6) 


36 (25.7) 


140 




Success of biliary cannulation 


67/71 (94.4) 


33/69 (47.8)* 


36/36 (100) 


136/140 (97.1) 


< 0.001 


First attempt 


63 (88.7) 


33 (47.8) 


30 (83.3) 


126/140 (90) 




Second attempt 


4/6 (66.6) 


0 


6/6 (100) 


10/12 (83.3) 




Failure 


4 (5.6)+ 


0 


0 


4/140 (2.8) 




Asymptomatic hyperamylasemia 


5(7) 


3(9) 


2 (5.6) 


10 (7.1) 


0.849 


PEP (mild/moderate/severe) 


6/1/0 (9.85) 


4/0/0 (12) 


3/0/0 (8.3) 


14(10) 


0.870 


Bleeding 


1 (1.4) 


1 (3) 


2 (5.6) 


4 (2.8) 


0.476 


Perforation 


0 


0 


0 


0 





*Among 69 patients wlio underwent an initial DGC, 36 patients switched to PPS due to difficulty criteria. 
"•^Percutaneous transhepatic biliary drainage after second attempt (n =2) and first attempt (n = 2). 
PEP post-ERCP pancreatitis. 



pancreatic duct cannulation more than 3 times indicated 
DGC, and subsequent PPS was attempted without delay 
when DGC failed, according to the algorithm (Figure 1). 
We also adapted the configuration criteria for the ampulla 
of Vater. We attempted an EPF for a hook-nose-shaped pa- 
pilla, which may be expected to be difficult to cannulate 
due to the anatomical position of the ampuUary orifice. 
Consequently, we applied the step-wise techniques early 
following the stricter DBC criteria, resulting in a higher 
technical success rate and reduced successful cannulation 
time compared with a previous our report (9.2 ± 7.3 
minutes in our study vs, 16.9 ±9.1 minutes, P < 0.05) [6]. 

With our algorithm, first we used wire-guided cannula- 
tion without contrast injection as the initial cannulation 
method. Using wire-guided cannulation before contrast 
injection might be controversial, although meta-analyses 
have shown that a higher biliary cannulation success rate 
and lower risk of PEP resulted from avoiding contrast in- 
jection into the pancreas [20,21]. Nevertheless, more tech- 
niques might be needed for difficult cannulation cases, 
such as a precut papillotomy with or without a pancreatic 
stent or the DGC technique. 

Second, a needle-knife precut papillotomy can be used 
to increase selective biliary access during DBC. Both the 
needle-knife precut procedure and ongoing repeated at- 
tempts at cannulation of the ampulla of Vater, regardless 
of whether they succeed, have been reported to be inde- 
pendent procedure-related risk factors for PEP, together 
with pancreatic duct cannulation and contrast injection. 

Table 4 Post-ERCP pancreatitis related factors 



Variable 


Univariate 


Multivariate analysis 




ananlysis 


p value 




p value 


(adjusted OR, 95% CI) 


Female gender 


0.050 


0.035 (4.16, 1.108-15.645) 


Sphincter of Oddi dysfunction 


0.187 




Papillary contact > 5 


0.345 





OR odds ratio, CI confidence interval. 



Therefore, the needle-knife precut papillotomy should 
be reserved for cases in which all other methods have 
failed and should be performed by experienced endosco- 
pists [10]. However, Huibregtse et al. [16] demonstrated 
that early implementation of a precut increased success- 
ful biliary access on the first attempt, as well as the over- 
all success, and reduced the complication rate to 11.8% 
(pancreatitis, 0.5%). A recent meta-analysis also showed 
that the precut technique reduces the risk of PEP signifi- 
cantly [22]. Thus, the early use of a precut fistulotomy 
in DBC, as in the presented algorithm, might facilitate 
cannulation without increasing PEP, especially in experi- 
enced hands. 

Third, regarding the DGC technique, we attempted 
DGC early for selective biliary access if unintentional 
pancreatic duct cannulation was repeated. Once a guide- 
wire was placed in the pancreatic duct, it was used to ei- 
ther insert a small stent into the pancreatic duct to 
facilitate biliary cannulation, or a pancreatic stent was 
left after the procedure, to prevent pancreatitis in cases 
with patient- or technique-related risks for this compli- 
cation. Accordingly, when unintentional pancreatic duct 
cannulation was repeated 3 or more times, a guidewire 
was left in the main pancreatic duct and cannulation 
was continued using the DGC technique. Placement of 
a guidewire deep in the main pancreatic duct might help 
to open the papillary orifice and straighten the common 
pancreaticobiliary channel, facilitating biliary access, 
and mechanically closing the pancreatic orifice, facilitat- 
ing cannulation of the bile duct using a second device 
alongside the pancreatic wire [1,11]. Several studies 
have reported the efficacy and safety of the DGC tech- 
nique in DBC [8,23,24]. The technical success rate is 
47-93% in patients who fail standard biliary cannulation 
[4,5,25]. However, the rates of procedural-related com- 
plications (i.e., PEP) range from no difference to a 
higher incidence compared with a conventional cannu- 
lation group [5,23]. 
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Fourth, to prevent mechanical trauma due to frequent 
guidewire insertion or papillary contacts, with frequent 
papillary contacts or repeated unintentional pancreatic 
duct cannulation despite DGC, a precut from the am- 
puUary orifice was performed following insertion of a 
prophylactic pancreatic stent. Therefore, in our results 
the actual first successful DGC cannulation rate was 
relatively low (47.8%; 33/69) due to early sequential 
placement of a pancreatic stent in difficult DGC follow- 
ing the protocol. Early pancreatic stenting is useful to re- 
duce the risk of pancreatitis in high-risk conditions, as 
well as to facilitate biliary cannulation [26]. Once the 
stent is placed, attempts can be made to cannulate the 
CBD above the stent, using a sphincterotome and the 
guidewire-assisted technique. However, a stent might 
make biliary cannulation with a sphincterotome trouble- 
some; a precut can be easier in these cases. Two studies 
suggested that a needle-knife biliary sphincterotomy over 
a pancreatic stent is safer than a conventional pull-type 
biliary sphincterotomy without a stent in patients with 
sphincter of Oddi dysfunction [27,28]. Multiple manipula- 
tions of the ampulla of Vater before pancreatic stenting or 
frequent contrast injections might be a risk factor. Ac- 
cordingly, reducing papillary manipulation or guidewire 
insertion might be important to prevent PEP. Based on 
this background, we started the precut at the papillary 
orifice after pancreatic stent placement to avoid unneces- 
sary manipulations. 

Finally, endoscopist experience may be a key factor for 
preventing pancreatitis during FRCP in average-risk sub- 
jects, based on the technique used for cannulation of the 
ampulla of Vater, the type of device and technique used to 
achieve deep biliary cannulation, the timing of precut, and 
the decision on whether and how to insert a pancreatic 
stent at the end of the procedure. Our study protocol was 
performed by one experienced endoscopist; trainees were 
not involved. 

Based on these algorithm characteristics, we expected 
that sequential step-wise cannulation by an expert may 
reduce procedural-related complications and cannulation 
time. Although our study was not comparative, our results 
demonstrate a reduction in successful cannulation time 
compared with our previous report [6]. However, no 
differences in the technical success rate of cannulation 
or procedural-related complications were found. The 
reported successful cannulation rate is 93.7% and rates 
of complications including pancreatitis, bleeding, per- 
foration, and cholangitis were 5-19% for precut fistu- 
lotomy [6,18,29,30]. In the present study, the overall 
complication (12.8%) and PFP (10%) rates were similar 
to those reported previously, and the overall success 
rate was similar at 97.1%. Female gender was a risk factor 
for PEP. These complications were treated conservatively 
without mortality. 



The limitations of this study include its non-direct 
comparative design and single-center nature. Second, 
this protocol analysis was also performed by a single op- 
erator. It may be difficult to suggest a fixed algorithm 
for every endoscopist due to differences in levels of ex- 
perience and skill. In addition, each patient and papilla 
is also different. Although the endoscopic procedures 
were performed by an expert and we invoked the step- 
wised protocol early, no difference in PEP or success 
rates among the groups was found, which might have 
been due to the relatively small number of participants 
or the low- risk cohort. Third, while the vast majority of 
cannulations will be successful with either standard or 
DGC or even standard dye-based techniques, relatively 
early step-wise techniques included a needle-knife which 
might be difficult to agree with. However, the presented 
algorithm showed that the early adoption of step-wise 
techniques may be effective and safe in difficult situa- 
tions, which may overcome the hesitance to perform an 
advanced technique when persistence with safer techniques 
is likely to succeed. Further prospective large-scaled com- 
parative studies in different geographical areas and includ- 
ing high-risk cohorts are needed. 

Conclusions 

This protocol analysis study was the first trial to evaluate 
a sequential algorithm for DBC during FRCP. Based on 
the protocol analysis EPF, DGC, and PPS may be safe 
and feasible methods in DBC for reducing cannulation 
time without increasing complications. The use of EPF 
in selected DBC criteria, DGC in repeated unintentional 
pancreatic duct cannulations, and PPS in failed or difficult 
DGC may facilitate successful biliary cannulation. How- 
ever, further large-scale, multicenter studies are needed 
to establish the validity of both the algorithm and the 
guidelines. 
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